This study primarily focuses on evaluating the effects of solution matrix and pH for the generation of reactive oxygen species (ROSs) in a Z-nZVI-catalyzed sodium percarbonate (SPC) system to degrade 1,1,1-trichloroethane (1,1,1-TCA) in the absence and presence of a reducing agent (RA), i.e.
INTRODUCTION
Chlorinated organic solvents (COSs) present in contaminated groundwater are of major environmental and public health concern due to their extensive usage in degreasing, mechanical or electronic cleaning industries. Frequently detected COSs in contaminated sites are 1,1,1-TCA, trichloroethylene (TCE) and tetrachloroethylene (PCE).
Degradation of such pollutants has become a global problem, even after tremendous efforts towards remediation (Wu et al. ) . In-situ chemical oxidation (ISCO) is an effective technique for the remediation of groundwater and soils compared with other conventional methods such as phytoremediation, bioremediation, and pump and treat. COSs non-selectively due to its higher redox potential of 2.70 V and its solubility but the formation of ferric hydroxide limits its applicability to a narrow pH range of 2.5-3.5 (Ahmad et al. ; Danish et al. a, b) . Therefore, heterogeneous Fenton-like systems have been investigated to minimize the above-mentioned drawbacks.
activation of SPC produces OH • radicals from H 2 O 2 through redox reactions which have higher oxidation potential than SPC itself (Danish et al. a, b) . The OH • radicals readily decompose the hazardous contaminants in the aqueous solution whereas other reactive oxygen species (ROSs) like O À 2 are also produced in the system (Danish et al. c) . The reactivity of SPC with COSs has also been confirmed in a wider pH range in our previous studies (Danish et al. a, b had almost negligible effects (Wu et al. ) .
In order to completely understand the mechanism and role of ROSs generated in the Z-nZVI-catalyzed SPC system and the effects of solution matrix and pH on contaminant degradation, the following objectives were 
MATERIALS AND METHODS

Materials/chemicals
Analytical-grade 1,1,1-TCA (>99%) was purchased from 
Preparation of the Z-nZVI composite
Zeolite-supported nano zero valent iron (Z-nZVI) was prepared using the wet ion exchange method (Chen et al. Impurities were removed by washing the particles thrice with ethanol and water and it was further vacuum-dried.
Experimental procedures
A stock solution of 1,1,1-TCA (0.15 mM) was prepared by addition of the pure non-aqueous phase liquid plus deio- Control tests were performed for each experiment without addition of Z-nZVI. The standard deviation between two values was less than 3.0%.
Analytical methods
One millilitre of each aqueous sample of 1,1,1-TCA, NB or CT was added with n-hexane (1.0 mL), and the vials were placed in a vortex stirrer for 3 min before separation for 5 min. The addition of RA significantly increased NB and CT degradation from 56% to 96% and from 39% to 74% respectively, as shown in Figure 2 
in Equations (2)- (10):
The CT degradation trend was also similar to NB, which might be due to the hindrance of the propagating reactions Cl À at 1.0 to 10 mM showed little effect, whereas at 100 mM Cl À , it was fairly suppressed. The addition of RA (5 mM) with Cl À (1.0, 10 and 100 mM) inhibited the degradation to 81.5%, 75.5% and 69.8%, respectively, as shown in Figure 5 (a).
The inhibitive effect increased with the increasing concentration of Cl (11)- (14) (Bennedsen et al. ):
HClOH
The degradation of 1,1,1-TCA decreased to 41% and 31% with 1.0 and 10 mM HCO À 3 whereas a minor increase was achieved from 31% to 34.7% with 100 mM as shown in Figure 4 (b). The addition of RA with HCO À 3 (1.0 to 10 mM) decreased the degradation to 69% and 58%, but 
in the case of 100 mM of HCO À 3 anions, it was up to 64%, as shown in Figure 5 (b). The HCO À 3 anions behave as scavengers for hydroxyl radicals due to which destruction of the most of the organic contaminants is scavenged (Grebel et al. ; Chen et al. ) , but the addition of RA enhanced 1,1,1-TCA degradation from 30% to 58% with 10 mM HCO (15)- (17):
Figure 4 | Effect of solution matrix on 1,1,1-TCA degradation in the Z-nZVI-catalyzed SPC system in the absence of RA: (a) Cl
Due to the rise in pH, the dissolution of SPC and the release of H 2 O 2 were inhibited, and the precipitation of 
